Introduction
Hyperosmolar hyperglycemic nonketotic coma (HHNC) was first recognized by Sament and Schwarz1) in 1957. It is characterized by hyperglycemia, hyperosmolarity, hypernatremia, and depression of the sensorium without the presence of ketoacidosis. Complications associated with HHNC include metabolic disturbance, rhabdomyolysis and renal failure, cardiovascular, thromboembolic and neurological disorders2-13). We report herein a case with the very rare complication combined with renal failure, rhabdomyolysis and acute obstructive hydrocephalus in the clinical course of HHNC.
Case Report
A 65-year-old female was admitted to a regional hospital due to ileus in connection with total hysterectomy performed 14 years ago. She was treated conservatively by total parental nutrition (TPN). Nine days later she underwent resection of the intestine due to adhesion ileus. Infusion toward TPN was resumed as scheduled. The blood sugar level exceeded over 500mg/dl on the following day of the operation. Suitable volume of lactated Ringer's solution was administered for polyuria. Insulin was not administered at that time. On the 4th postoperative day she developed restlessness and stupor. She was treated as hyperosmolar hyperglycemic nonketotic coma (HHNC) due to raised blood sugar (over 500mg/dl), sodium was 190mEq/l while chloride abdomen following the operation as soon as possible, exploratory laparotomy was performed in the ICU owing to hemodynamically unstable state and the patient was on assisted ventilation. After the initial treatment, insulin administration was reduced from 0.5 to 1.0 unit per hour. As shown in Fig. 1 plus 1,870ml on the 3rd day, 0ml on the 4th day. Thrombocytopenia and elevation of fibrin split products which indicates disseminated intravascular coagulation (DIC) was treated with a total of 50 units of platelets and protease inhibitor. CHDF was stopped on the day 6, because urine output was over 100ml/h and hemodynamically stable condition was maintained with low dose dopamine. During these treatments, she fell into a deep coma and almost stopped spontaneous respiration on the 10th hospital day. The pupils were equal, dilated and almost did not react to light. The score of GCS was 3 . As shown in Fig. 2 chemical evidence of rhabdomyolysis. The exact pathological mechanism by which hyperosmolarity causes rhabdomyolysis is not known. It has been postulated that the hyperosmolarity may cause shrinkage of the muscle cells and impair the utilization of glucose, thus resulting in the altered cell wall integrity6). The frequent coexistence of hypernatremia with hyperosmolarity, masking hypokalemia, may also play a role in the pathogenesis9). Serum CPK level, however, does provide a sensitive test for rhabdomyolysis in these patients with acute renal failure associated with hyperosmolar nonketotic coma. All similar cases reported in the literature have a marked increase in the plasma CPK, ranging from 9,250IU/l to 483,000IU/l10). Rhabdomyolysis is diagnosed in the presence of myoglobinuria and raised levels of serum CPK. Although these sometimes occur with tender swelling of muscles, this is not universal. Nontraumatic causes are well recognized and myoglobinuria secondary to rhabdmyolysis is an accepted cause of acute renal failure6, 19) , as occurred in the patient we described.
Myoglobin has a molecular weight of 16,800. The CHDF may have helped in removing myoglobin from the blood resulting in improved patient's prognosis10,20,21). Acute renal failure associated with rhabdomyolysis due to hyperosmolar nonketotic coma is uncommon. However caution in interpretation is needed as rhabdomyolysis in these patients are often asymptomatic. Early diagnosis and appropriate management of rhabdomyolysis will reduce the morbidity and mortality. The best screening test available is serum CPK level as the urine examination for myoglobin is often negative9). Continuous hemofiltration (CHF) or hemodiafiltration (CHDF) is the recommended dialysis therapy when the renal failure is complicated by hyperosmolarity and hypernatremia. This is especially useful for hemodynamically unstable patients in the ICU who would not tolerate rapid removal of fluid10). We introduced CHDF during these treatments due to oliguria and maintained the hemodynamically stable condition by monitoring therapy16). In HHNC associated with rhabdomyolysis and acute renal failure CHDF would allow: (1) a slow and constant decrease in serum osmolarity eventually avoiding the development of brain edema and (2) the elimination of myoglobin in the ultrafiltrate fluid which could result in a shorter duration of acute renal failure.
In laboratory animals or patients with diabetic coma, when the plasma glucose is rapidly lowered, the decline in CSF glucose lags behind that of plasma. It has been suggested that the slower fall in CSF glucose may reflect a similar decline in brain glucose, thus resulting in an osmotic gradient from brain to plasma, with a resultant movement of water into the brain. A rapid decline of glucose in the plasma might be expected to induce an osmotic gradient between plasma and brain if either glucose or another osmotically active substances were retained in brain tissue water such that the rate of decline in brain did not parallel that in blood. Since it has been shown in several published cases that the CSF glucose concentration is considerably lower than the blood glucose concentration, the CSF sodium concentration ought to exceed the serum sodium concentration. This CSF sodium excess should be osmotically equal to the CSF glucose deficits in regard to the serum, i.e. for each 18mg% of difference in glucose concentration, there should be 0.5mEq/l of sodium excess in CSF. As treatment is initiated, rehydration and sodium replacement should parallel reduction of the hyperglycemia11,22). The rapid correction or over correction of hyponatremia is believed by many to be the crucial factor in the causation of central pontine myelinolysis (CPM)23).
This rapid fall of serum osmolarity may well have resulted in a rebound phenomenon that causes cerebral edema. When nonketotic coma was diagnosed, there was osmotic equilibrium between plasma and cerebrospinal fluid although the respective constituents were different. Glucose was significantly higher in plasma while sodium and its anions were significantly higher in cerebrospinal fluids4). Fujioka et al. 13 ) postulated that plasma hyperosmolarity, which results mainly from hyperglycemia and hypernatremia, induces endothelium damage that leads to brain-stem edema, followed by the obstruction of the aqueduct and fourth ventricle. The fact that hyperosmotic insult predominantly affected the brain stem in this case may be explained by the theories of Norenberg24) and McKee et al. 23 ) who suggested a strong association between the genesis of CPM and osmotic injury to the endothelium. It is also possible that a structural abnormality, such as aqueduct stenosis, in the brain-stem ventricular drainage system might predispose the patient to the development of obstructive hydrocephalus following only slight cerebral swelling13) In our case, the patient was maintained on low dose dopamine, and fluid imbalance corrected with half saline and potassium supplement with 10-15 units of insulin, and maintaining the central venous pressure between 6 and 10mmHg using CHDF (monitoring therapy)14,16). To restore hypovolemia and electrolyte disturbance, filtration rate was set at around 400ml/h rather than 200ml/h as in usual case25). Therefore, we could use enough half saline as replacement fluid at 300.500ml/h. The initial treatment was successful in treating acute renal failure using CHDF even with hypovolemic shock. However, the patient developed acute obstructive hydrocephalus. It was decided that we terminated CHDF on the 6th hospital day which had started on day 2. We stopped CHDF because enough volume of urine and hemodynamically stable state were achieved. This cessation resulted in an increase of BUN up to 112mg/l and a small increase in plasma osmolarity of 339mOsm/l; this could have resulted in a serious osmotic insult to the brain stem edema, thus causing acute obstructive hydrocephalus leading to brain stem edema after recovering from hypovolemic shock. It is important to maintain a stable condition in serum osmolarity and fluid balance in critically ill patients at risk from developing brain edema. Our experience shows that even in a delayed treated case, with skillful ICU management and appropriate treatment like ventricular drainage could be successful in treating the patient although it had progressed to shock, acute renal failure and obstructive hydrocephalus.
